In this study, which correlates apoptosis with avian ovarian physiology, we modified an in situ DNA nick end-labeling method using immunogold reagents to detect apoptotic cells in semithin sections of quail ovaries embedded in glycol methacrylate resin. Special attention was paid to the prevention of background staining. The results are com-
Introduction
Apoptosis is a mechanism of physiological cell death, distinct from necrosis, that plays a crucial role in a large number of physiological and pathological processes (8). Chromatin cleavage is considered by many to be the biochemical hallmark of cells undergoing apoptosis (9). Fragmented DNA can be labeled in situ in tissue sections by the terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end-labeling method (TUNEL) technique (2) . In the present study we have modified this technique to detect apoptotic cells in semithin sections of quail ovary using immunogold reagents. The ovary was chosen because apoptosis has been regarded as the mechanism underlying ovarian follicular degeneration during atresia (6).
Materials and Methods
Ovaries (n = 5) of female adult Japanese quails were fixed in 2% (wh) paraformaldehyde and 0.1% (vlv) glutaraldehyde in PBS for 3 hr at room temperature (RT). Small tissue blocks were dissected out and embedded in Immuno-Bed (Polysciencds; Warrington, PA), a glycol methacrylate resin (5). Semithin 1-pm-thick sections were mounted on clean glass slides and dried for 2 hr at 37%.
Apoptotic cells were detected in sections, using a commercial in situ apoptosis kit, the ApopTag peroxidase kit (Oncor; Gaithersburg, MD), of which the procedure was modified. The direct immunoperoxidase detection of digoxigenin-labeled genomic DNA was replaced by immunogold detection. First, the sections were etched with 100% ethanol for 2 min. Unless indicated, all incubations occurred at RT. After washing with PBS, the sections were treated for 15 min with proteinase K (Sigma; St Louis, MO) (20 pg/ml) to strip proteins from the nuclei and rinsed four times (2 min each) with deionized distilled water (DDW). The equilibration buffer of the kit was applied for 10 min directly on the specimens. The sections were then incubated for 1 hr at 37°C in the presence of TdT, digoxigenin-11 dUTP, and dATP. The reaction was terminated by transferring the slides for 30 min at 37°C into the prewarmed stop/wash buffer of the kit. After washing in PBS containing 0.1% (w/v), chemically modified bovine serum albumin, BSA-c (Aurion; Wageningen, The Netherlands) (PBS*), the sections were incubated for 2 hr in the Fab fragment of sheep antidigoxigenin labeled with ultrasmall gold (average gold particle size <0.8 nm) (Aurion) and diluted 1:30 in PBS*. After washing in PBS* and rinsing in PBS, the sections were postfixed for 10 min in 2% (vh) glutaraldehyde in PBS. The sections were thoroughly washed in DDW and the immunoreactivity was revealed by the Aurion R-Gent gold signal enhancement system. After washing in DDW, the sections were counterstained with 0.1% (w/v) acidic aqueous solution of chromotrope 2R (pH 3.0). The sections were dried and mounted in Poly-Mount (Polysciences).
Negative controls were obtained by omitting proteinase K, the immunogold conjugate, or the mixture of nucleotides and TdT. Some semithin sections and paraffin sections of paraformaldehyde-fixed quail ovaries were stained with the ApopTag kit according to the manufacturer's instructions. Apoptotic cells were also detected in paraffin sections using the modi- fied method, These sections were counterstained with 0.1% ( w h ) aqueous solution of neutral red (pH 6.5).
Results
No immunoreactivity was observed in the negative controls. Apoptotic cells were not or were poorly detected in semithin sections using the immunoperoxidase method (Figure 1 ). The results in glycol methacrylate sections using the immunogold method (Figure 2) and in paraffin sections using both methods (Figures 3 and 4) were similar. Using the modified method, we observed in Immuno-Bed sections no diffusion artifacts, no background staining, and strong immunostaining of the compacted chromatin in apoptotic cells and bodies.
Scattered single positively stained cells were observed in several ovarian cell populations (Figures 2-7) . In the thecal and granulosa layer of postovulatory follicles (Figure 2) , apoptosis was revealed in several cells. In atretic follicles (Figures 3, 4, and 6 ), apoptosis was detected in most granulosa cells, and many cells of the other layers of the follicular wall were also immunostained. Apoptotic bodies phagocytized by oocytes (Figures 5 and 7) , were also detected.
Discussion
The results obtained with the modified DNA nick end-labeling method using immunogold reagents were similar to the results obtained with the ApopTag peroxidase kit in paraffin sections. However, the use of immunogold-silver staining (IGSS) has a number of advantages over immunoperoxidase detection. The difference in results between both methods in semithin sections is mainly due to the reduced probe size of the immunogold conjugate resulting in good penetration of the resin. Moreover, IGSS exhibits higher labeling specificity, accuracy, and precision, as observed in immunocytochemistry (4). Semithin sections may require more elaborate pretreatment to promote the immunostaining using the immunoperoxidase method.
Digoxigenin, the Fab fragment, and BSA-c were beneficial in eliminating background. Digoxigenin is much less prone to nonspecific binding to aldehyde-fiied tissues than biotin-labeled probes (1) . The use of the Fab fragment reduces background staining caused by nonspecific binding of the antibody molecule via the Fc region (3). BSA-c, an acetylated and partly linearized BSA, inhibits binding of gold conjugates to hydrophobic substrates and eliminates charge-determined background caused by the negative surface charge of gold particles (7) . 
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